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SUBWINIATURK TURES # PREDICTION CF FATLURE 
AEM LIPH TRETTING UNDER MOPHAL APD OY BPLEOLD 


OOMPIFIONG 


Chapter i 
Introduction 
The purpose of this investigation fie 

threefold. Firoet, to make static tests on 
aubminiature tubes, collecting as much data 
aa poseibie on their behavior at different 
walues of heater veltere and at different 
values of plate volteare; and to cenpete unie 
fermity of the same type tuve made by two 
Gifferent manufacturers. Seeond, to make 
dvnemio testa on the same tubee in a eireuit 
whieh egimuleates their use in an aotual ane 
piifier. The purpose of these tests is to 
determine tude life, or changes in tube shar~ 
acteristios, under nermal load and overload 
conditionse Third, to attempt to correlate 
the results of the etatic tests with the re- 


sulte ef the dynanie tests and discever sone 
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nethed by which static testing may be used 
to aecureately predict which tubea may fail 
under overloeds or to prove that no sinple 
eriterion exists for such prediction. 

The investigation wae sponsored by the 
Telemetering Greup of The Applied Physics 
Laboratory, "he Johne Hopkisa Univereity, 
Silver Spring, Maryland, whieh euprified the 
eubniniature tubes to be tested, approxi 
mebely 100 each of the fellewiug types 
a) Manufacturer “3” « Type €k4-A General 
Purpose Triede, and b) Eanufacturer "R" 

Type CKGOUCKX Triode. 

The, general deseription of the tests tc 
pe conducted wae centained in a letter te 
the supervisor of the Telemstering Group from 
the gentlemen for whom the tests were runes 
It described the teats an feollowe: “The 
firet phase will consist of a number of netgure~ 
nents of the parameters of the tubes, with 


varioue eleetrode volteres from normal toe leas 
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than normale The gesond phase will consist 
of running the tubes ander varying conditio:a 
of everleadc to deterwine life end types of 
failure, The finel report will attenpt te 
correlate the predicted Life with the ae tual 
Life ander overload. %t will aleo show the 


relative merits of the €K4eA and the CKOOE". 
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Chapter TI 
Yenarinttion of Static Teets 
The static teats oonsisted of the followe 
ines 
&) Neer tube war tested for internal short 
cireultee 
uv) Tubes were operated at rated value of haate 
er vyoltare (665 volts Ac€e) and Crid Bine 
woltara (=2 volts). Pleta woltege was sat 
gugoessively at 106%, 80%, ack, 60%, amd $3.35% 
reted value for Manufacturer "4" Pwhes end 
eG LUV, USabk, COLTH, BOW, BE.SR rated value 
for Menuufeeturer "2" Tubes. At oach Talus 
ef plata veltare the follewine guantitias 
were reeerded:; Grid Ries Voltage, Heater VYolt= 
sea, Tlste eurrant, Yeator eurrent, Grid 
vurrent, Trenaeconductanese 
ec} Tubes were operated at rated valine of 
Plate VYeltage (100volte Det, for Kanue 
Sacturer "S" Tubes, 120 volte Pots for 
Manufacturer "2" fubes)s eater voltage 
WOH fet suecescively at LOOK, 3.5K, 


S1e8)) of rated Heater volteare (6638 
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6 SaLee OOO) ce Besetege econ aedoy (o 
veea Wot wee at lovOGd) enatiey weet 
22) ofel eeder G81 ,cevet “2” spayeser 
wpeiter sefae®§ «sleetet "8" setdde eternal 
ete ste HOO Oe chertesepons (eo aw 
ts) ogetlew qeeewe werent to 16.25 
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vVOLtSs Ae Cede At eaoh value of heater 
voltapge the follewitns quantities were re- 
corded: Plate Yoltara, Grid Hies VYoltace, 
Plate Current, Meater Current, Criad Current, 
Transoonductancas 

Nesoription of Tube Testing Nquipment Veed 


Tor Statio Teste 


The statia tests described atove were 
performed in a Navy Pype OD-6 Tester. A 
brief dosoription ef this equipment follows 
ae it appears in the Inetruction Pamphlets 
Model OPe5 Vacuum Tube Analysing Squiprent 
Supply 1100120 volte 50-60 syoleose Hanufact= 
urer,; Weston Electrical Instrument Corporae 
tions 

"tn brief the Medel OD equipment cone 
sista of the following apparatuas, A plure 
ality of vacnum tube sockets @esigned to 
aoocormmedcate 4 pin, & pin, G pin, 7 pin, & 
pin minature and acorn tubo bases; a transe 


former agupplyins 60 eyele pewer at one of 
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several etandard filament potentialeg patelk 
corde for eonneectines filement power tc any 
pair of aecket termineles a power reetifier 
gupplyineg flltered direct petential te e systew 
of potentiometerg and thence by way of patch 
eords, to any desired socket terminales a 
plurality of eloctrisal indlerati-r instrenents 
suitable for indieatine petentiale betreen 
sooket terminals and currents flowing throurh 
secket terminalis, and a plurality of vraeuum 
tube soaketa interconnected with tndleating 
lemps derifnad to indfoate the presence of 
short efireusited tube elenents." 

“he Model OD equiprent moasures trens- 
conduetance by measuring the elternating 
ourrent producad tn the plate eirenit by a 
60 evyela nirnal applied to the frrid of tre 
tube under teat. The grid aignel hae an effoce- 
tive value of ane velt and en trangccorductance 
ke the ratio of the value of ealterneting 
plate current te the value of the alternating 


orid sifnal which produced it, it is evident 
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thet the inetruneant whieh weanured the alter 
axting component of plata eurrent ray be 
eklLibrateé in torms ef snieremhes of trane« 
conductance insetend eof nierosenperes of alter 
geting eurrents" 

Pisere 1 fe ew bleek cisgrem of thin teste 
ate 

For tha purpese ef giving qualitative 
informaticn «en Ghe teats, &¢ will be neretes te 
Se introduce the identifieati.n aystemn assed 
en the tubes, "he tubar were seartened @ tw 
Letser synbel fellewed by &« numbers, Tha first 
letter destruites the wenufacturer » “F" dae 
nesineg Manafecterer “8"* sea *“2" ganetin-: Han» 
ufaeturer "R", the aecond Let er identifios 
tke let nemher « thera being threa leote of 
Hanufecturer “2" Tuber designated "SA", “Fh”, 
end “9¢", and Pour Leke of Henufacturer "2" 
Tntee designated "RA", “RES, "HE", and “FD. 
Table T in Appendix = identifies the tobes 
by mer efacturere’ lot numbera@e 


tn Tablee ZF thraagh VII ef Appendix ft 
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are tabulated values of Plate Current, Trans« 
sonductanoe, and Plate Resictance fer each 
tuba for 100% Plate Voltare end Neater VYolte 
Bagee FHlate resistenoeses were computed by the 
formule ¢ = 4B plate £1000 where atplete 
Afplate 
wae = 20 volts in eeok ceee (is ae 100 to 
80 volts for Fanufecturer "S* Tubes and 120 
te 100 velte for Marufactzurer "R" Turves). 
Iplate was in wmilliamperese 
While a value efakplate of 20 volts 
may geem too lerge an increment to take in 
comput ng plate resistanoes, it will be sean 
from the Charseteristic Curves (Plates I 
through VIT) that the slope of the curves 
from 109 to #0 volta in the case of Manufeet= 
urer “S* Tubes, and From 120 te 100 volts in 
the ense of Manufeasturer "R* Tubes is snuhe 
atantially e eonstant values This being the 
case the twenty volt increment became a rearzon- 
able one to teke sinee it eliminated an extre 


voltare reading on each tubes 
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The manufacturers give the following as 
"typical Operating Conditions" for the Type 
6K4-A and CK6O08CX Tubes: 


Manufacturer "Ss" Type 6K49A Tubes 








Heater Voltage 63 6.5 Volts 
Heater Current 150 150 Ma 
Plate Voltage 100 200 Volta 
Grid Bias Voltage ~2 #5 Volts 
Plate Current 150 11.5 Ma 
Amplification Pactor 20 16 

Plate Resistance 3640 4650 Ohne 


Crid Voltage for 
Plate current cut} 
off to 10 amp. “14 -30 Yolts 


Transconductance 5500 5450 Micronhos 


Manufacturer "R" Type CKGO8CX Tubes 


Heater Voltage 665 Volts 
Heater Current 200 Me 

Plate Voltage 120 Volts 
Grid Bias Volteare ~2 Volts 
Plate Current 9.0 Ma * 
Transconductance 5000 Kicromhos 


Anplification Factor 25 


* Manufacturer's Curve Plots this as 8.3 Ma. 
@lLO@# 
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& eo parison of the a«verare values of 1 
piate and f,, with the Manufacturer's Typical 
Operating Values is giver in the following 
table (r, is not ineluded here because 
Menufaoturer "R" Tube Characteristic Sheet 


quotea no value of Pode 





Manufecttrers Actual DALPL. 
Typieal J average I, 
milliempa millianmps 
WMenufacturer 
"Ss" Tubes 13,0 LleZ wL ef 
13.0 15.6 $2 0G 
15,0 115 ~).7 
Yanufreoturer 
"kr" Gubes 9,0 lie? $247 
Ge 13.0 $2.6 
840 920 0.0 


aii@w 





Manufacturer 
"Ss" Tubes 


Mernufaoturer 
"Rn" Tubes 


Kanufac. 


Typicel gm 
nioromho 


£500 
5600 


5500 


5000 
8000 


5000 


Aotu 
aver 


§; mieronho 


8695 
4320 


S675 


4150 
5980 


3680 


ai 
are 


Diff. 





#1605 
#1380 


#1625 


# 6850 
«1010 


#1540 


In the next table below the average var~ 
jatieons from the mean values of Plate ctirrent, 


plato resistasoe, and transconductance are 


givens 
uimufacturer SA2t® 5B on otal ge ok 
“s* tubee 4.77 «Yo 812° 

1244 21602 21467 $3 

1,56 408 22 51 

Yotal 98 

Manufacturer 
"R” Tubes 098 316 22665 g 

3501 444 215 26 

1633 292 221 23 
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Tolate rp En Nunber good 


tubes in lot 


Manufacturer 
"ER" Tubes o72 8=6 26609640 
Total BB 
number bad % good 
oe tutes in lot oes 
2 9465 
$ BR eG 
Total y 
Manufacturer 
"R® Tubes i OC 
0 100 
1 96 
oO 100 
Potal 2 


It will be observed that of 105 "5" 
Tubee tested, 98 were food = percentere 
SSe43 while for 100 "R" Tubes tested, 98 
were food ~ perecentare 96. 

Weighted value of averare variation 
from mean value of Tnjete 18 eomputed in 


fable Ik of Appendix Te 
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Similar eorputations give the folloewe 
ing wéighted-in variations from mean value 
of fm and ry- 


Weighted Weighted wWeirhted 
vars Of fF, ver, of vare of 





*p I lete 
Manufacturer 
*g* Pubes 272,58 520.6 1.692 
Manufacturer 
"a" Pubes 22520 601.0 e268 


The results above lead to the conolue 
gion that Manufacturer “R" CKHEOBCX Tube is 
more uniform in static characteristios from 
tuba to tube than is the Manufacturer "s* 
GK4e, Tubes. It is realised that the cone 
periaon given in the three tablea sbove is 
not & measure of the relative nerits of the 
tubes on an absolute begioe It does demon= 
strate clearly, howaver, that the mnanufactur~ 
ers of the "S" tubes area apt to overrate 
sShelr tubes more than the nanufacturers of 
the “Rk” Tubeee 


The tubes which were clausified as bad 
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tubes showed the following rauwlta on being 
texted: 

fubean SA@26, Sha1B, FCH® indicated no 
internal short eilreults, but each drew large 
exseas heater current at rated value of heat~ 
er voltages 

Tubes SB-3S, SC-12, EC-21 drew five per~ 
cent or less of rated value of plate current 
at rated value of plate voltage. 

fuhe 8C«16 indieated several internal 
ehort aireuits, and drew larre excess heater 
current at rated value of heater voltage. 

fube GCe29 drow approximately 507 ex~ 
cess heater current at ratec value of heater 
voltage. The plate current wage approximately 
two pereent of rated value eat rated value of 
plate voltares 

ube Rie? indioated an internal short 
elroult from the grid to the heater, It 
drew e large grid current when the grid dias 


veltage was applied. 
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on of Plate Characteristies of 


Manufacturer "6" and Hanufecturer "i" Tubes 


From the tests made on the OD Tester, 





£¢ £8 possible to plot Plate Characteristia 
Curves for a grid bias of -2 voltte <A plet 

of the averace Plate Characteristic for each 
tube lot, the Manufacturers Plate Charasterisg« 
tie, and the characteristic of the high and 
low tube in seach lot hes beon made on Plates 


I throuch VII which followe 
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Hxanination of the curves in Pletes I 
through VII showa two important points about 
the tuhese First, the arverere oharacteriszse 
tie curve for the Manufacturer "KR" Tubes is 
4n @ach ease higher than the Manufacturers 
Curves In the case of the Manufacturer "Ss" 
Tubes in two ecasea out of threan, it is lower 
than the manufacturer's curve. Seeondly, the 
spread between high and low tube in a lot is 
ereatest for Manufacturer "S" Tubes Lot Sh. 

One interesting peint in connection 
with the static tests wan the appeartnes in 
some tubes of amall grid aurrente of the 
erder ef 100 to 700 microanps when heator volt= 
ax@ was sat at GeS volta eng no fric bles ner 
plate supply voiteare wes appliceés This grid 
current wan present in aprroxtmately 40% 
of the tubes of each mannfecturas The tubes 
in whieh this grié current eppeared tested in 
general above the ererere values of plate 
current and transoonductsnegee For sxample 


in one lot this ¢rid current appeared in 10 
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of S5 tubes. The average Tpjate er these 
10 tubes was 1269 meGse compared with an 
average value of 11.5 mete Tor the entire 
lote The averarce gy, for these same 10 tubes 
wee 4150 micromhos compared to 8675 micronhos 
for the entire lote 

Vubes in whieh the grid current appsere 
protebly have cathodes of better amigsion 
characteriatices than those of the tubes in 


whieh this current does not appear. 
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CHAPTRER ITT 


DRSCRIPTICON OF PYWANRTIC FRETS 


The dynamic tests were made to simulate 
the performance of an amplifier tube in « very 
high frequency Pe transmitter. <A cirouilt 
diagram of the transmitter if given ae Figure 
2o Specificaticna for the transmitter are 


ae follows: 


Ree Gutpat Impedance 615 ohms 
TUMNg, Range 209 me to B27 mos 
Yominal Power Output 065 watt 


Typical Opaeretions 


Plate Supply Yolteare 130 Vebele LIS Votehe 
Plate Current 45 me 55 ma 
heater Current Os&8 anmpe Oe45 ampe 


Power Output (51.5 ohm) 0.5 wett O08 watt 
fo reproduce exactly the conditions 
which oxist in the amplifier of this transe- 
mitter, it would be neecasrary to wild the 
complete unit according to epecificationsa 


taking nocassary precautions te shield the 
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Various etarpea, use Leeda to tubes as shert 
@s possible, and observe strictly all ordine 
ary precautions to aliminata stray capacie 
tanecese This prosedure would permit the test~ 
ing of only one amplifier tube at a times 
It would also be necersary to solder the leads 
of each tubs in place for test, es there are 
no base pins or tubs sockets for this type 
tub@e 

In view of the above atated conditions, 
wend because it was desired to run normal 
loed and particuleriy overlosd tests on as 
many tkbes es possible, & simuletor cirenit 
using lew fequeney input was decided upone 
The advantacers of guoh & cirenuit from the 
testing point of view are meny: a) Use 
oY shielding in the echresis is not nocesserye 
b) Several tubes can be teatad simultaneouse 
lye c¢) Tubes can be mourted in tube socket 
ecdapters whieh are etsaily removable and in 
which tubes can be euiekly inserted without 


solderinge 


200 


srade ot ental 27 abeel 2) ,eepets sent ter 
-wibwe S28 efoetste evverdo bor yetdiesog ea 
<inaqee ERtSs erenlalle of maetepasets Ye 
odued off ¢iwweq bivoe ewohwoony e247 =. foonet 
weet’ « t2 o@et t0ttifews eae —imo te gat 
choot e@¢ Sebfee wt q1ases0ea of onts bivaw 7% 
oce ved ©* .f80e Ov wonle «of eter does To 
«qyr efdé vou etedoes vis 6 ente eoet oo 
ondue 

Lanctsibvon berate evode 68 Ie wety of 
lawton cat of G028ees caw 7h onueved bee 
oe Go eWeet Geolteve “it atoettreq One Bool 
gieouts todslvetea © ,efdlnacg 00 aedut enon 
«teen SoBleeh See Ponm!t qoreupet wolf pater 
ate code ¢hieiie 4 dove to eegarterte edf 
ee! (se tyne ots Wety to Pntag autteed 
aereebetea fon of eiendde od¢ at gathfotde 
<evunmbliowts Ge¢net of see eodot Iewwot [8 
detowe wise wl betmwom of see cedet (0 ogt 
awl bee sidavowes YLinen oF46 Hot tw ewetHehs 
jwedd Oe wettesn? yeldeloo of o8F eet ee Bote 
one vedtive 


fhe gimuletor cire: it teed is believed 
to be as close an epproxisetion to the aetuel 
ciro.it as can be had using low Prequencye 
' The power outputs of the tubes in the aimula~ 
tor elreult san be adjusted to values reason} 
&bly clese te the output obtained on test of 
the tranemitter, depending on the unifernmity 
of the ten tubss being testede 

Admittedly the aimulator cireult is an 
sliernativa method of testing because it is 
generally aceapted that the only reel test 
of how a perticular tube will perferm in a 
partioular eirevit ie ite performance in thet 
oirouite. When the time reguiramnente for test= 
ing in the aetual eirecvit are censidered, howe 
ever, it is apparent that if were than a 
"handful" of tubes are te be tested singly ec 
enormous amount of time woulé be requirede 
The nine twenty hour teats desoribed below 
would have required 1600 heura running time 


had the tubes been tested singlye 
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The cironit used to simulate the opera« 
tion of the emplifier in the VYEF Treneritter 
ia shown in Figure 3S, QGriginally a siprnel 
input frequency of 60 cycles per second was 
to be uaede The impndance of the test cire 
ounit was so lew, however, that ea tcaepreitor 
of approximetely 100 mfd. would have heen 
required across the power supply output to 
make the impedance of this cepacitor small 
coupared to tha test oircuit inpedancas A 
signal frequency ef 1000 cycles per seeond 
was thorefore used, which waa emplified be- 
fore heing epplied te the test elrenvite 

Aa o6will ba seen from tha cirexnit 
Gdiagrem, the ten tubes te be tasted were 
connusoted in paraliel as seperete amplifier 
tubes using commen plete supply voltare and 
Aop:s eignal sovuresese The cathode reaistorse 
wore mada 220 ohne, the same value used in 
the originnl elreulte The by#-pase capacitors 
across the cathode reeiztors were made 50 


afd, to assure adequate by-pasaing of alter- 
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mating current at low fregquensye The value 
of the load resistors was chosen ag 3000 
ohns to be of the stime order of magnitude 
es the plate resistance of the tubes, whien 
is listed as 3640 ohms for the 6K49A Tube 
at 100 volts plate voltare and 2 volte grid 
biase 

It will be seen from the circuit diae 
gram thet the cathodes of the tubes being 
tested ware not rroundad, but were connacted 
to the minus side of the plate power cupphy. 
The sirnal vwolterce at 1000 cycles per seeond 
was @pplied et the same point as the minus 
side of the power supplye This connection 
makes the minus side of the power cupply 
above ground potentiel by the smount of the 
wicneal voltarce; but in view of the small 
value of signal veltere used (662 volts remetc 
maximum), thie ie of no consequetioe. 

The firest testa were of twenty hours dura 


tione Twenty hours intermittent operation wae 
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considered, by Applied Physics Leboratory, 
to be setie*netory life for the tranamitter 
in which the tubes area unede 

Measurements wore nade in the Following 
manner: a) Plate supply voltere was meagur~ 
od by a voltmeter on the power supply which 
wakg corrected by comparison with the reading 
of e Weston 1000 ohms per volt leboratery 
type mater placed norone the output terminals 
of the power supply. »b) Total plate current 
was measured by a DeS,. milliammeter in the 
output elreuit® of the plate ramet supolye 
eo) Grid current was mersured by @ Dele 
millieammeter of G ~ 10 meme range which was 
placed in the grid circuit of each tube suse 
cessively by means of a phone plug inserted 
in @ shorting jacke This meter wes shunted 
by a GS mfde capacitor. a) Gutput power 
was messured by meane of Cathode Hay Cscilloe 
gvaphe The vertical deflection plates of the 
oscilloscope were connected directly fren the 


positive side of the plate power supply te 
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the plete of the tube whose power was being 
meesured. Thir conreetion save e trace on 

the oscillosesope of the voltare axisting acroga 
the Load reeistor of the tubes, This volteare 
trace war plotted on cross aeetion paper and 
from the plot the power wae calouleted, A 
sample plot ia given as Plate VIIY and ea 

gample power saleulation from thiae plot is 
given in Table XI of Appendix Te 

Plates VIII «© A, and ¥YITI = B are plota 
of the price and plate voltage traces of the 
Manufacturer "S" and Manufaaturer "KR" Tubes 
resapestivaly. Theas plots were made for the 
semna plete supply end sirnal voltarer on each 
tubes. They represent typioal operation of 
the tubes in the aimulator, 

Plate VXTI ~ © is a plot of grid bias 
voltars versus plate eurrent for tubes §R-27 
and EP-12 at Fplate =z 127, 100, GO voltae 
The dynamic operation linee for each tube are 
drawn on this plot fer conditions of operation 


shown in Plates VIII A and Re 
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Plates VIII DP and HK are predicted plate 
voltace curves using the dyntmic cheracterinae 
ties of Plate Vili C and the grid voltage 
ourves of Plates VICI A and Be The aotuel 

curves obtained are plotted on the sane 
sheet. Dashed portions of eech curve are the 
extrapolated porticnse The large difference 
between the curves ot low values of plate 
voltace is eaused by the fact that the grid 
a6 positive in tiis region «nd no data is 
available from curves of rlete VITI C on 
plate current for positive frie voltages 

The Gseilloscope calibration of 468 
volts per small seale divigion (48 volte 
per inoh deflection) wae obteined tn the 
follewing manner: ea) A DeCe voltare of 
known walue wae pleced directly on the vertie 
cal deflection plates ef the oscilloscope, 
(Dumont Type 2086? Cathode Ray Oseillogreph). 
The deflection war found te be 10 smal} 
diviaitona (1 inen) per 408 volts DeCe 6) An 
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measured 15 volta remete was placed on the 
vyertival defleotion platow after the Dele 
signal wan removece The Gaflection for this 
gignel was 9 emall divisions peak to peak, or 
4eS Givigsions peak valve. Peak value of 16 
volts BemeBe sipneh g 15 x F282 we 21.2 volts 


Z2lee volts s ¢e7 volta/division 
ded GLVIi8LONS 


Te whe decided thet 46 volts / division 
wee e euffistently accurate wWue and this value 
was usede 
Aatuel Procedure Used for Tests 

The procedure of testing in the gimulste 
ing eirevit shown in Figure 5 was @s follows: 
a) Ten tubes were tected simultaneously (une 
less there were not ten good tubes in one Lot). 
b) Plate supply voltare was adjusted whenever 
4¢ wane observed to have drifted from the de- 
sired value for the partiouler teste The plate 
vwoltarce used for each test was getormined ty 
che *eut and try” method to obtain the power 
output deaired with a reagvoneble value of 


signal voltere applied. The power output 
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wes aonrutled from direst observation of the 
eutput voltarce weve shape on the cecillosacepe, 
és previocvaly mentioned. Since the wave shape 
wae made up of plate end sirens] volte:e cone 
ponents easentially, and sinew & grid current 
net in excere cf & mMeGis per tube wee de- 
sired, it was not difficult to ebtain & eom- 
bination of sipnal and plete voltere which 
gave the desired pewer ovtpute. On the first 
test run with Kanufactvrer “S" fubes the 
plate supply volteare was set at 130 Ve bee 
eauge this was the value given for the trense 
mitter amplifier tubes. The signal voltere 
was then edjusted to give an cutput approxie- 
mately equel to the average value ebteined on 
testes of the transmitter. in subsequent tests 
the plate voltares and signal voltage were ine 
creased to ebt#in tha inerease@ power ceairad. 
G, Vhe signel voltege wae set initially ane 
after each ahut down. The shut gewne were at 
approximately 30 minute intervals threughout 
the 20 hour testee 

“45— 


j 
| 








ote Ye wolterveets tevwth wat) belies car 
soreveitioes 0% oe sada oven syatter teven 
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ad) The total plate supsiv current was ree 
corded before each shvidown with eipnel rolte 
ace on and @¢fter each shutdown before the sige 
neal volters wes turred cn areite 

@) The grid current was recorded end averaged 
approximately esxoh hour during the 20 hour 
Genstie 

f) On the firat few tests, before it was 
known how lon« the tuhes would last, statia 
seats were run after ebout 16 hours epoerations 
This wer discentinued when it war sven to he 
no lonrer necessary, #nd only one static test 
at the end of 20 heure of operetivoxr was wadee 
je) the shutdowns consisted of turning of f 

all vwolteces on the tubes, allowing heater 
Tilaments to lose their viaitle ¢glew end then 
apein applyinre tube heater, plate, and eir¢nal 
vyoltaceer in that order. 

h) Wave shape was observed several times dure 
ing each test on two or three tubes for the 


firet tasts and later on all tubeae 
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Desoription of Individual Tests 
fast 1 - 20 heures, Average Power = 068 
watt/tubee Tubes = GAL“SA10,. (These tubes 
had been operated under varying conditions 
for several hours prior tc test in setting 
up the test oirevit). 
fube SA9l0 failed after SO minutes 
operation. The failure was noted by the 
sharp drop in plate supply voltage, and ea 
sharp rise in tetal phate current. When 
thie tube was placed in the tester, ite 
neater cire.it drew only abuunt one third 
Horne} current, plate voltage would not 
build up, plete current rose guieckly to many 
Gimes ite normel velue as plate veltage was 
applied and its incicated transconductance 
was &lmost zeroes 
Summery of date taken in sonnection with test: 
Before Test After Test Change 


Average Plate 
Current 10.8 mee He Mee led Mets 
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Before Tast: After Tea% Change 
ee ee ee ee ht 
frerere “rense S220 uleremhos «1460 
oonduetanes 

5460 misromhos 








Maximum Chance 

in Plate aurrent 

due to test we MeBs 
Haximan Chanre in 

Traneconductance dug 

to toat 0280 micronmher 


Average grid current 
during teat: O«28 mets 


Plate Supply Voltage 145 VY. for 10 houras 1580 
Ve for 10 hoeras Averece Signal voltege 4023 Ve 
(remeSe)e 
Remearke: Failure of Tube SAo10 attributed to 
use prior to this teate 

fest 2 = 20 hourse Averare Power = 0,81 
watt/tube. Tuhes «~ SRl«cPiG,. We failures 
oaecurred during test. 
summery of gate taken in gonnection with seats 

hefore Test After Fest Chence 


Averace Plate 
Carrent L5e8 mete 1280 mets —5eS 


Averarce Trans= 


conductance 4293 mieromhes S855 mine «40608 
cromhos 
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Maximum Ghanre in transecontuetance gue 
to tweet 860 
Average grid current during test 0.265 mea 
Plate Supply Voltage 130 VY. Average Signal 
Voltege 4027 Vo (remets) 

Test S$ - 20 hours. Average Power = 1.12 
watts/tubse, Tubes SELI-“SHIE, SURO, SN2l. 
Yo failures eceured during teste 
Sunnery of data taken in connection with test: 


Before Test After Test Change 


Average Plate 
Current 16461 Wee L004 WeGe oS5e7 


Averare “Trang~ 

eonductance 4371 micromros S8C63 mie «1318 
cromhonr 
Maximum Chenpe im Piste Current due to test 
whe? Mee 
Maximum Change in Treasconductance due to 
tests ~1f00 nicrormhos 
Averaie rid current during teat Oo1145 mete 


Plate supply voltage 166,170,180 Ve svrere 


age Signal voltare 6.06€¥ (remete) 


wffo 










ae me a Tans 


dedltatenemtaniel 
faagit wyaetoré of ORE raster 
ii pepe eae eo 08 = BABAT 

: 


LER ORM MERLE wed? setB bien 


soeee, NS See le 










som? 9*.2A0 Senay anne nino 


o* Soe Gewtanaia ss maneds sake 
he “gene 

ene. ones ars oomceeue kei a. 

LY GOL ,ONL NL eyattor gfguue mtaty 

CabeNiy) POON wy eerow tamst bee 














“tee 


Test 4 < 20 hours. Average Pewer = 1.6 
watts/tubes Tubes SCHo2efC7, SCG, SE1O, SC1l, 
GSCL3. We fPeilures ceecurred during teste 
fube SCl felled to operste when test wee 
started. This tube teeted perfectly on 
static test and hed not been used between 
statia and dynemic teatae 
Summary of data taken in connection with teats 

Before Test After feet Chenge 


Avernca Plate 
Currant Lie? meBe Geh Mefie ~See 


Averese Tranwze 

gonduebeance S809 misromhos 2447 niw «L452 
cromheoa 

Maximum Change in Flate Current due to tast 

oTeh meae 

Maximum Change in Transesenductance dus to 

test «1980 micronhos 

Averearse grid current during teat 02.189 meae 

Plate supply velteare 200 Ve. Average Signel 


Voltace Ge2& Ve (remote) 


0 48 wo 


feet 5 = 20 hours. Average Power ¢ 1.6 
watts/tube. Tubes SALL$220. fo failures 
eceurread during taste 
Summary of date taken im connsetion with teste 

Refore Test After Test Chance 


Average Plate 
Currant LOaU Mewe VYeSl me&s ee bE 


Averace Trense 
eonductanee 3672 mi-~ 2624 nie wo AF 
cromhonr eromhos 

¥Yaximum Chance in plate current due to tegt 
~66% 
Maximum Change in franseonduetanes dus be 
test +1440 micronkos 
Average grid surrent during Geet OefL568 meds 
Flate Supply Yoltage 200 Ve Averare Sirnal 
Volbare 6.02 Ve (remese) 

fast 6 « 20 hourse Averace Porsr = 0.66 
wett/tubes. Tubes EAsl=RAG, RAB, RAwD, RAL 


No failures occurred during teste 
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Before Test After Test Change 


Averare Plate 
Current 11.7 Mee 106985 mene @,/8 


Average Trans- P 
conductance 4150 micromhos 88920 mie =—230 
cromhos 

Maximum Change in Flate Current iiue to test 
=2el Wehe 
Maximum change in Transconductanse due to 
teat «630 micromhos 
Average frrid current during tast Os611 meee 
Plate Supply Voltarce 135M. <Averare Signal 
Voltage 4087 Ve (remese) 
Remarks: On some tubes the output weve 
showed distortion in addition to the ueual 
fiat portionse The tubes in whieh this dige 
tertien appeared however, were no different 
in stetiec characteristics from the other 
tubege 

Test f= 26 hours. average Power | 162 
wattis/tuve., Tutes 2PI-RE1O. No failures 


oecurred during teste 
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Summary of date taken in connection with tests 
before Text ifter Test Changs e 


Averezo Plate 
Surrentk LOeGE Mee 11616 mee $0680 


Averanre Transe 
condvuotance AGee2 SE6S “116 


Waximum Change in Plate Current dae to test 
267 Meteo 

Maximum Change in Transcondustance due to 
test 340 micromhos 

Averance grid current during tent O2288 meee 
Plate Supply Voltage 200. Average Signel 
Voltage 6609 Ve (remese) 

Remarks: Output wave on sore tubes showed 
oonsiderable “jitter” in amplitude (see 
Yhotorrarh #8). The maximum amplitude of 
the ware was net clearly definec bat cover~ 
ed three or four small divisions on the 
Cathode Rey Tube seale.s. The tubea in which 
this wae observed showed no differences on 


statie test from the ether tubege 
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Test 86 = 20 hotrge Averave Fowar e@e 145% 
watts/tube. Tubes RCL*RC1O. Ko failures 
occurred during tert. 

Surmary of date teken in eennestion with teste 
‘efore Teet After Feat Chenre 


Avrereca Plate 


Current &€,€8 tehe % » 5O Me & $6.62 
Averare Trans« 
condnetanee S626 mi- SBS1L mie a $ § 

) eromhos cranhes 


Maximum Change in Plate current due to test 
$e Mee 
Mexinun Chenge in Trannoonduetanesa due to 
test 800 micronhesr 
Averace grid onrrent during test 02526 ihe ®e 
Plate Supply Velteare 295 Ve. Average Sirneld 
Yoltaye GeZ6 Ve (retese) 
Remarks: Seme ac for Teast Te 

"gst B= 20 heuree Avereare Power = 1,45 
wetta/tubee Tuboe NlL1l-EC20. Ye failuree 


oocnrred during test. 
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Summary of date teken in connection with test: 
Rafore Tast jfter Teat Change 


Avaerare Plate 
Current PeOT Moke = _e5Hh mete me SB 


Averaxa Trante 

Conductance $654 mie O457 wie =) 7 
cromhos cromhos 

Maximum Change in Transconductaunse due to 

tast «500 mnicrorhos 

Averégoe grid current during test OehSE mets 

Plate Supply Voltage 235 V. Average Signal 

Yoltnce 6.26 Ys (remese) 

4 comparison of the chenges of tube 
pareneters with use can be quiekly obtained 
bs vaference to the tahle below. The ?Pirst 
test mede on Kanufaeturer "S" Tubes hes been 


omitted tecensa af the naa of these tubes 


prior to teetinge 
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Vanufacturer "5" Tubes 
GEA PORES NE RE AIR 8 po. Ae AM ES 


Teak Peverace Willierps Mieremhos % change 
tuhe( watts) Change in Ghenge in in gy, 
Ve Injate AYe Ky 
2 Oe ~5.50 » 06 $e h2 
3 1elZ ~6e70 #1514 50518 
4 160 ~6e20 “Laie 57236 
i 1280 me bY # 9 46 26.55 
Averese 126 H4.96 “1081 2be® 
Wenufacturer "ER" Tubes 
6 0260 ~0675 ~2 30 865 
7 1.20 $0 250 #119 Be f8 
§ 125d $0952 - 95 2e fF 
¥ 1 2 4% $0252 - 07 2e75 
Avers 1.22 #0,012 “13502 3. 4? 


Photographs which follow sre typical 
output voltesea wave forme en the oegilloseope 
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Output VYoltara “avg, flius- 
trating “noise” or" 4itcer" 
appearing on some Wanufacturer 


to!  "yheg « Thotegraph Se 








efov °'" weriees tuner 
“90ETE soem @eatlal Penden 
“Wer Pe "se “estou” aatsens 
Tete les ood eee wo tattergre 


~S dqebee4! « coder * at 


aV¥3~ 








Vpen e mpletion of the nine teats dee 
crihed erove, it wee decided thet aufficient 
deta hed been ebteinet on the short tinea 
capebilities of the tubes. Supvlementery 
teste were run to determine bow longer tubes 
Would operate before failine cempletely; or 
if this was not possible, due te excessive 
Sime requirements, wheat comparative chances 
in tubve oharacteriatices and power output 
would oceur due to operation. Tests Four 
end Fine were oontinued with the same tubes 
opereting at the game plate and signal volte 
akew until exch svt of tubes had opersxted for 
SO hourse "he tubes were operated cuntine 
vougly fer perioce ef about eircht hours with 
no shutdowns until the 60 houre eperation 
wae completed. “he following results were 
Vatalined from these tests: 

a} Mo failures ecourrea on aither Manu= 
facturer “6" or Yenufaeturor “R" Tubes. 
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bj; The total changes in peremetors for the 
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60 hour taats were ae tebuleted below: 
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Tubes SC2e 

13 2667 3ES9 #1222 ~§.058 
Vanufaate 

urer “"" 

Tubes P2121 

- 80 ; S628 3534 “ 6 #0. 40 


Win nioronhos 

Tphate |” miiiampa 
e) Wubes 84 and 8638 respectively vere the 
Low tuies in power output during the twenty 
neur testee During S282 h-uré operation Tube 
SC4 power ontpnt dropped 22%. uring 56 
houra overat’ion Tube “lS rower output did 
net changes 

Simnee there wera no failures on etther 

manufacturer's tubes ¢@ue te the Drnemie Teste, 
i% cannot definitely be atated thet Manufacte 


urer "RY Cubeq will outlast Manufacturer “a 
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Tubes. It seomse definitely proven: ‘owever, 
that the charaecteristies of Deauufsoturer “"P" 
fubes change lese with eperation under nore 
real end overload conditions than do the 
eoharacteristies of Wanufeeturear "e" Tubes. 
Thie chanre i: scharccter’aticr rasulte in 
the loss of powar eutput observed in Vanue 


facturer "S" Pubeage 
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CHAPTNP TT 
ATONUPTRD CORRELATION RETWERR STATIC PRETS 


iM PURE CHAP ACTEVISVTES OVP TMG LITE 


Asp wes wutated in the intreduetion, one 
of the purposes of the tests waa to predict 
tube Life under dynamic conditions fron 
noasuronents made in a static tester. The 
following attenpte at correlation were madee 
Tt is impertant to note that on the twonty 
hour testes of fifty Manufacturer “f" and forty 
Hanefacturer "RY Tubes, thers wea but one 
failures This failure venurred after 1/2 
heur on a tube which pricr to the actual test 
had bean operated several hours at many dife 
ferent veltares in the aimuletor while the 
Simulator wee beinr set upe Aeanuge there 
Was only one Pailure ena this wae on a tube 
whose g. was only 1700 microrhor at the be~ 
ginning of the test, as compared to s700 
micronhes average fer the lot from which it 


was tmken, the failure eannot be attributed 
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to the operation duriny the test period, 

Sinee there wera 210 failures of normal 
tubes, the best method of measuring useful Life 
Left in the tubes after test isa to measure 
their transconductanaes. In the ft'sllewings: 
attempts at correlation, this criterion was 
UKEK « 

The change in trangocendustance between 
normal plate voltage and nermal plate voltare 
less 20 volts was computed from static tests. 
This vhenp,e wag compared with the final value 
of transconductarce. The results ghowed no 
apparent cerrelation bhetweer chenge in E, 
and final value of Ff, as will be reen by re~ 
ferring to the tables balow which are for 


tubes used in two separeke testa. 


Tube Original f,, Finel ty Af, for FE 
miaromho Hieromhe lowered paete 
volts 
Sheol] 5800 $100 = 7235 
2 3500 $000 @ FOO 
5 3920 S420 #2020 
4 4520 3200 #&25 
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*ube Originel gy, Pinel 4, Sq For Enjyate 


mnicromho MNicromte lewerad 80 

voits 
SA@5 4260 31.00 6&7 
6 3460 3300 =P OO 
7 S506 38000 i OG 
BRB=} $630 5600 #650 
a 4300 4270 #670 
3 4006 3700 #5350 
4 S& OO 3730 ~ 6 50 
| b 4550 4600 -650 
6 S620 & 360 - 4650 
. 7 4450 52 50 ~550 
@ 8670 S620 =445 
{ SOG 5560 oi BO 
| 10 4200 4400 “680 


Rimdler comparisons mide with ten 
other tueses of each type also failed to show 
any correlation between change in g, and final 
; Maine oF Eye 


The next change investigated for 


poseible Felation to the finoel valve of ¢,., 
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wae the change in treanseenivetanece fer & 


reduotion in heater voltare from 6.5 to 4.0 
voltae The porcentare chanre in fy at 460 
volts wee computed, und this was plotted 
egaingt orininal pp. fer aeveral of the tubes 

of both manufacture that had been tested 
dynamicallye It was thought powcible thet 

with sugh « plet one would te sbvle to select 
guAGhly cesirevle tubes whieh hec olan ke, 

and small change in fr, for change in heater 
voltaree The data from whieh two eweh plotea 
were made @ppears in Table I of Appendix Y* 
torether with the predietiana on the relative 
values of transconductance ot the end of 

twenty heurs operetions. Phe tuBe whieh it 

was predisted would have higheet value of £,, 

at the end of twenty hours operation was celled 
ist, the tube predicted to have naxt highent 
waius gnc and so forth. These predictions were 
made by using the plete of Pletes IK and Ne 
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basis of original value of ff. alonee The 
errors in predicting the relative vwaluee of 
%, after twenty kours operat on by use of the 
plet and by use of the original valine of «,, 
ara given below for twe groups of ten tubes 
@@ the 
Tube Lrror in relative Error in relative 
gm after operation ¢ after operation 


using original ¢. using plot to 
te predict 


ee predict ~ 
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fhe raesulte of four more tests of 


twenty nours each were ured to make identie 


eal ealoxnlations,. Tf 


he «+ putations will not 


be shown hore tut the results were: 
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The results of tue six teste suow that 
the avecsve arcor in relative g, after twst 
is weauxliy less er using the eriginal value 
of g, to ursdiet value after test, These re- 
sults preelude the uge of Wie plot as tubes 
thet start life with high g, usually eshtinue 
to have high &, relative to tubes starting iife 
whith ic Ben: 
the next quantity investigated for ite 
effect on tub: life was plate resistance, 
Valuea of ry Were gomDule. at rated heater 
vollava ani al &.0 volts heater voltage, The 
Quente in plate voitacve in vata cass was 20 volte. 
co ulte of these computati as ere given 
in Table Il of Appendix Ii for ten Manuieecturer 
eo" and nine Vanulacturer "i" Tubes. The At, 
is simply chenge in fy for « chanve of «2.3 volts 
heater voltbara. 
Taere apoears to be no correlation between 
ar und final value of G,, nor between 4y, and 
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Xo further attempts were made to 
correlate the results of Stetic Peeta with 
Lube Gharacturigpsicos GQuring lifee A search 
of aveillable literatures failed te disclose 
any information ag to what atterpts had 
been made by others to perform such & 
eorreglation aside “rom wakines the usual 
meoasurenents in e tester of Plate Current, 
ilate Resistence, and Transeenductance ait 


rated values of Plate and Ueater Yoltarcee 
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Chapter ¥ 


Cong Usi Ons 


On the basis of stetio teats, “anre 
feacsturer "2" Fuben are mora uniform in chrere 
ceteristics than “anufeoturer “S" Pubee, "e* 
fubss show fewer parsenteree of bad tubes 
from a rendom selectione Their parametere 


are more nearly whet their ranufacturers 


Bive as typical parameters. 


The averace value of transconductance, 
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TABLE I (continued) 


gn for 37% 


Tube em before ® change gm after 
test lower Eheater in gm test 
RB1 3630 825 T%e3 3600 
2 4300 800 81.3 L270 
3 L,O0d 1150 7143 3790 
hy 3809 1275 ho.2 3730 
5 4550 1950 57 ol 4,600 
6 3020 1956 lio.2 3300 
t 1,150 L700 59.0 3950 
8 3670 2550 30.5 3520 
3900 800 19. 3560 
10 = 209 660 Sh.2 hoo 

Actual relative Predicted relative Original 
em after test gn aiter test rel) tive 
position of 
——— Phenom 

1 7th 10th 9th 

2 3rd Sth 2nd 

3 6th oth Sth 

i Sth 7th 7th 

5 ist dst ist 

& Loth lth LOth 

7 lth 3rd lth 

8 9th end 8th 

9 Sth oom 6th 

10 end Sth 3rd 
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3L26 
3900 
3800 
3350 
3hL0 
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3300 
3420 
3750 


3850 
3320 
3280 
34530 
3400 
3700 
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Actual relative Predicted relative Original rela- 


Tube om after test gu after test tive position 

R6 1 Sth 2nd. lth 
2 6th 9th Sth 
3 end lst ist 
L; uth 6th 8th 
5 1st 3rd 2nd 
6 9th Lith 3rd 
7 LOth Sth 9th 
8 Sth 8th Tbh 
9 7th LOth idth 
1o 3rd Tth Sth 
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TABLE II 


Ep BE.OBY Ep gt bel ax, 


3510 
3uko 
5125 


0450 
F200 
11200 
BEBO 
8710 
L500 
10350 
21050 
9510 
8350 


9520 

11750 
U1300 
13330 
29000 
9100 

BGO 
13310 
L6200 
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STC 
390 
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3320 
386 
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